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THe present ifivention relates to a process for obtaining
a gas fraction which is highly rich’ in carbon monoxide
from a carbon monoxide-containing gas mixture, and is
conceried with a process for obtaining a gas fraction
which is highly rich in carbon monoxide from a crude,
compressed gas mixture consisting of a major proportion
of hydrogen and a minor proportion of carbon monoxide,
together with imipurities such as methane, argon, oxygen,
nitrogen and the like. ,

In the convéntional low-temperature installations. for
producing ammonia synthesis gas from conderised and
carbon monoxide-containing gas mixtures having hydro-
gen as their main ‘constituent, the last impurities are usually
refoved in a findl stage by washing: with substantially
pure liquefied nitrogén. This is generally. effected by
medns of washing trays, a mixture of hydrogen and nitro-
gen which is practically free from other impurities being
drawn off from the upper end of the washing column.
The impiiiitiés in question are the usual gas constituents,
namély . iethane, argon, oxygen .dnd carbon:monoxide.
The washing liquid confaining these .impurities is taken
from the column’ bottom as a mixture which is rich .in
carbon monoxide, i. e. which contains, for example, up
to 55% carbon monoxide, together with nitrogen and
also smiallef quantities of dissolved hydrogén, argon, oxy-
gén and methane. e =

It has now been found that the carbon monoxide frac-
tion in the washing liquid.can be increased: quite consider-
ably by taking from the washing column a liquid mitrogen
fraction which is-poor in catbon monoxide; e. g. a fraction
of the discharging liquid nitrogen with approximately 1%
carbon monoxide is taken at a spetcific distaneé: from the
bottom tray. ' )

It is' an: object. of the. present:inveition to provide a
process for obtaining. a- gas fractioni: which is*highly’ rich
in carbon monoxide from a crude, compressed gas mix-

ture consisting of a’‘majot proportion of hydrogen and a .

minor proportion of carbon monoxide;-together” with im-
_purities such as methane, argon, oxygen; nitrogen ‘and the
like, comprising the steps. of cooling’ the compfessed,
crude mixture to low temperatures in-a first heat-exchiange
with = :substantially pure nitrogen-and-hydrogen: mixture,
in a second heat-exchange with evaporating liquid nitro-
gen, which is rich in carbon monoxide absorbed from said
crude mixture, and in a third heat-exchange with evaporat-
ing liquid nitrogen, which is poor in carbon monoxide ab-
sorbed from said mixture, collecting a condensate consist-
ing essentially of carbon momnoxide from the super-cooled,

orude mixture, washing the remainder of said mixture to

produce said carbon monoxide poor nitrogen fraction, said
substantially pure nitrogen and hydrogen, and said carbon
monoxide rich nitrogen fraction, and supplying evapo-
rating liquid from said condensate to the latter fraction
to produce the highly rich gas fraction.

‘The point from which this mitrogen fraction is taken
depends on the desired maximum concentration of carbon
monoxide and can be determined by calculation or experi-
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ment. 5% represents approximately. the upper- kimit of
carbon monoxide concentration in the fraction taken.
The quantity tapped off can also bé régulated according
to requirements. A 10-40% fraction of the fotal amount
of washing liquid is an advantageous range. :

The liquid fraction taken off can be heated by itself
and discharged after it has delivered up-its cold.” .

The withdrawal of an intermediate liquid fraction in
the upper portion of the lower half of the washing column
reduces the washing. agent surplus in this zone, and’ the
concéntration of carbon monoxide in the washing liquid
running out of the column- bottom is. substantially in-
creased. In this way, it has been- found possible to.in-
crease the carbon monoxide concentration in the washing
liquid to nearly 80%, so that the carbon monoxide frac-
tion may be put to a useful purpose.

For a better understanding of the invention, reference
will now be made to the accompanying drawing,- which
shows diagrammatically an- apparatus for obtaining a
carbon monoxide-rich fraction from a mixture containing
a major proportion of hydrogen and a minor_proportion
of carbon monoxide. A mixture of 91:.3% hydrogen
and 5.9% carbon monoxide, the remainder consisting of
nitrogen, argon, oxygen and methane, is subjected-to low-
temperature cooling under a pressure of 28 atmospheres
absolute. The gas mixture is first passed through- one
of two alternately operated heat-exchangers 1 and'2 (e. g.
exchanger 2 by way of valves 32 and 4; to a separator §
with' a condensate pressure-release valve 6): The mix-
ture is then conducted through a heat-exchanger 7, where
a washing medium charged with crude gas and withdrawn
from a subsequent washing column 17 is-evaporated-in
heat-exchange with the mixture, and subsequently passes
into. a condenser 8, where a further fraction-is separated
out (at 23), . g. in reflux tubes 9. The condenser 8
is. cooled by lignid nitrogen evaporating. in an-evaporator
10. The nitrogen has been taken with an admixture of
approximately 1% carbon monoxide from a- collecting
cup 12 in the nitrogen washing column-17 and expanded.
by way of a valve 11 into.the evaporator 10: The crude
gas constituenis which have not been condensed in- the
condefiser 8, and which consist- mainly of non-diquefied
carbon monoxide, argon, nitrogen and methane impur-
ities, are drawn off at 13 and- intfoduced at 14:into the

" lower part of the washing column.17. - The gas flows.in
. this column in counter-current to nitrogen: trickling-down

over trays and-supplied at 15.: The- pure washed- gas,
which is washed onder a pressure of: approximately 27
atmospheres absolute, and which contains- practically’ only
hydrogen and nitrogen, is taken off at 16 from- the wash-
ing column and delivers up-its cold to compressed: crude
gas in the exchangers 7 and 2 (or 1) and to nitrogen
undeér pressure in an exchanger 18. A washing -lquid
fraction rich in carbon monoxide is taken-from- the bot-
tom of the column 17 through a valve 26 and-is evapo
rated in'the‘exchangers 7 and 21 (at:39).. CLt

For the purpose of refrigeration,  nitrogen-is taken
from outside the apparatus which is illustrated, e. g.
from an air-separating device, compressed to a high de-
gree, supplied through valves 33, 34 and 35, and in heat-
exchange with the products of the process, cooled and
liquefied.

The first cooling of the compressed nitrogen (200 at-
mospheres over pressure) is carried out within the ex-
changers 18, 19 and 20, the further cooling being car-
ried out after the currents have been combined at 44, in
the exchanger 21 in heat-exchange with an evaporating
methane-carbon monoxide mixture (from the column bot-
tom 23), and in tubes 25 in the evaporator 10. The
liquefied nitrogen is delivered as washing liquid at 15 to
the washing column 17. The cold output which the proc-
ess requires is obtained primarily by the expansion of
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the nitrogen, €. g. in the expansion valves 22 and 36. The
pressure of the nitrogen is adapted to the requisite cold
output.

The methane-carbon monoxide fraction from the bot-
tom 23 is expanded by way of valve 24, and is com-
pletely evaporated in the exchanger 21, together with a
nitrogen-carbon monoxide fraction which is combined
with the CH;—CO fraction at 38 and is partly evapo-
rated. This evaporation causes the liquefication of com-
pressed nitrogen which is cooled in the exchanger 21.
The evaporated fraction is then heated to ambient tem-
perature in the exchanger 19 and conveyed away through
a pipe 40. The nitrogen fraction evaporated in the nitro-
gen evaporator 10 is drawn off at 43 and guided away
through the exchanger 20 and a pipe 42. The pure gas
containing practically only hydrogen and nitrogen is
mixed at 28 with additional nitrogen which has been al-
lowed to expand at 22, and gives up a proportion there-
of at 45 or 46 by way of valve 27 or 37, as the case may
be, to the nitrogen exchanger 18, and is then conducted
by way of a pipe 41 to its particular use. A further
proportion of the nitrogen-hydrogen mixture travels by
way of the branch point 46 and alternately through ex-
changer 1 or 2 and valve 29 or 30, under pressure, to
the use for which it is intended. The crude gas is sup-
plied alternately by way of valves 32 and 4 or 31 and 3.
The exchangers are changed over as usual when the
tube cross-sections in the crude gas portion begin to be
* obstructed with solid deposits (ice and benzol). The

shut-off valves 29 to 32, and 3 and 4 are either wholly
closed or wholly open, according to whether the ex-
changer 1 or 2 is being operated. The valves 33, 34 and
35 serve to distribute the compressed nitrogen, which
is used for refrigeration, to the individual exchangers 18,
19 and 20. The compressed nitrogen is expanded to
washing column pressure in the valve 36.

I claim:

1. A process for obtaining a gas fraction which is
highly rich in carbon monoxide from a crude, compressed
gas mixture, consisting of a major proportion of hydro-
gen and a minor proportion of carbon monoxide, to-

© gether with impurities such as methane, argon, oxygen,
nitrogen and the like, comprising the steps of cooling the
compressed, crude mixture to low temperatures to form
a supercooled crude mixture in a first heat-exchange with
a substantially pure nitrogen and hydrogen mixture, in a
second heat-exchange with evaporating rich carbon
monoxide-nitrogen liquid fraction, and in a third heat-
exchange. with an evaporating poor carbon monoxide-
nitrogen liquid fraction, collecting a condensate consist-
ing essentially of carbon monoxide from said super-
cooled, crude mixture, supplying said crude gas mixture
and liquid nitrogen to opposite ends of a washing column
to produce the poor carbon monoxide nitrogen fraction,
the substantially pure nitrogen and hydrogen, and the
rich carbon monoxide-nitrogen fraction, withdrawing the
poor carbon monoxide-nitrogen fraction from said col-
umn as an intermediate fraction containing less than 5%

‘ 4

2. A process according to claim 1, wherein said inter-
mediate fraction amounts to between 10 and 40% of the
nitrogen washing liquid supplied at the head of the wash-
ing column.

3. A process according to claim 1, further comprising
the steps of cooling highly compressed nitrogen in a
first heat-exchange with said substantially pure nitrogen
and hydrogen mixture, with said highly rich gas fraction
and with the poor carbon monoxide-nitrogen fraction,
liquefying the cooled nitrogen in a second heat-exchange
with an evaporating rich carbon monoxide nitrogen frac-

. tion enriched with liquid from said condensate, expand-
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carbon monoxide and supplying evaporating liquid from

said condensate to the latter fraction to produce a highly
rich gas fraction.

60

ing the liquefied nitrogen, further cooling the expanded
liquid mitrogen in heat-exchange with evaporating nitro-
gen which is poor in carbon monoxide, and supplying
the super-cooled liquid nitrogen as a washing liquid to
said washing column. ) '

4. Apparatus for obtaining a fraction which is highly
rich in carbon monoxide from a crude, compressed gas
mixture, comprising a washing column for scrubbing a
compressed, crude gas mixture free of carbon monoxide
by means of liquid nitrogen, a condenser for receiving
liquid separated from a super-cooled, crude mixture, an
evaporator formed in said condenser for an evaporating
poor carbon monoxide-nitrogen fraction, to cool said
crude mixture, a cooling coil for liquid nitrogen in said
evaporator, a collecting cup for the poor carbon monox-
ide-nitrogen liquid fraction liquid nitrogen formed in the
washing column at about the middle thereof, separate
conduit means connecting the outlet of said coil to the
head of said column, said cup to said evaporator and the
head of said condenser to the lower end of said column,
heat-exchangers for super-cooling a crude mixture sup-
plied to said condenser in heat-exchange with washed gas
from the head of said column and with evaporating bot-
tom liquid from said column, thereby to form said super-
cooled crude mixture in said condenser further heat-ex-
changers for cooling compressed nitrogen in heat-ex-
change with the gaseous products from said washing col-
umn, a heat-exchanger for liquefying the cooled nitrogen
in heat-exchange with evaporating bottom liquids from
said washing column and from said condenser, conduit
means for liquid nitrogen connected between said evapo-
rator and said cooling coil and an expansion valve in the
latter conduit means.
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